This paper presents a study on the characterization of physical and electrical properties of Niobium Carbide (NbC) and Vanadium Carbide (VC) in Copper (Cu) matrix by mechanical alloying (MA) technique. The elemental powders of Cu, Niobium (Nb), Vanadium (V) and synthetic graphite powder were mechanically alloyed for 30 hours at 400 rpm in a planetary ball mill according to the stoichiometric ratio of Cu-(10-x)vol%NbC-(0+x)vol%VC (x=0,1,3,5,7,9) under Argon atmosphere. The as-milled powder were compacted at 400 MPa and sintered using microwave sintering furnace at 900°C with 1 hour soaking time. The phase identification was made by using the X-ray Diffraction (XRD) analysis. The microhardness, relative density and apparent porosity of sintered pellets were measured using Vickers microhardness and Archimedes principle, respectively. Electrical conductivity was measured using 2 point probe technique. Density of composite increase with increasing NbC content, while electrical conductivity also increase when NbC was added. Microhardness showed that single phase carbide has higher hardness value then multicarbide.
Introduction
Mechanical alloying is one of many technique to produce metal matrix composite with particulate reinforced. Mostly MMC adding with ceramic material to give better thermal stability and strength. Copper, widely used in high electrical and thermal conductivity application like spot welding electrode, and combustion chamber, can be strengthening by mechanical alloying.
Reinforcement particle can be apply into metal matrix either by ex situ; directly mixing together the reinforcement, or in situ; fabricate new reinforcing phase by mixing certain powder to react together [1] . In situ process is better than ex situ, because in situ can produce clean particle-matrix interfaces with higher interfacial strength and improved wettability, able to produced nanostructured materials, and strong bonding interface will influence the hardness of composite [2, 3] . MA process involves cold weld and fracture powder together, by high energy ball-powder collision. Because of this, it is possible to synthesis fairly high melting temperature materials like borides, oxides, and in this work; carbides.
In this present work, Cu-NbC-VC nanocomposite was fabricated by in situ process via MA with various concentration of carbide at Cu-(10-x)vol%NbC-(0+x)vol%VC (x=0,1,3,5,7,9) at constant milling time and speed at 30hours and 400 rpm, respectively. Microwave sintering furnace was used to enhance the densification as well as diffusivity of powder.
Materials & Methods
The raw materials used in the synthesis Cu-NbC-VC nanocomposite were Cu powder (99.7% purity; average particle size 63µm), Nb powder (99.8% purity; average particle size 44µm), V powder (99.5% purity; average particle size 44µm), and graphite powder (99.99% purity; average particle size 20µm). The powders were weighed according to the stoichiometric ratio of Cu-(10- 1, 3, 5, 7, 9) . The powder was milled for 30 hours at 400 rpm in a planetary ball mill Fritcsh "Pulverisette 6" mono mill under Argon atmosphere. The ball-to-powder weight ratio (BPR) used was 10:1. N-heptane was added in the mixture to avoid agglomeration of powder during milling. Then, all powder were compacted into pellet shape at 400 MPa, and sintered at 900°C for an hour at heating rate 30°C/minute, under Argon atmosphere using SynoTherm Microwave Sintering HAMiLab-V3 2.45GHz, 3kW.
Sintered density were measured by Archimedes principle according to ASTM: B962, while theoretical density was calculated using simple rule of mixtures of nanocomposite, considering the density of Cu (8.94 g/cm3), NbC (7.82 g/cm3), and VC (5.77 g/cm3. The sinterability of composite can be evaluated from the result of densification parameter, while relative density show percentage of sintered density toward theoretical density. Apparent porosity is open pore volume as percentage of bulk volume. Hardness of nanocomposite was measured using Vickers microhardness, while electrical conductivity was investigate by 2 point probe technique using KEITHLEY 2400 instrument.
Results & Discussion
The average value of green and sintered density of nanocomposite is show in Fig. 1(a) . Green density has lower value than sintered density, due to porous inside compact pellet. Plastic deformation during compaction were not enough to consolidation of composite. Also, during mechanical alloying, all powder have been work harden, making the powder particle hard to compress or difficult to deformed [4] .
During microwave sintering, microwave energy radiates into powder. Then, powder particle absorb the microwave energy, and transform it into heat. Since each powder or particle has been mechanical alloying together, each elemental (Cu, V, Nb, and graphite) will interact with microwave energy at different manner due to different dielectric loss constant (effecting absorbed power of microwave) and electrical conductivity (effecting depth of microwave penetration) [5] . All metal (Cu, V, and Nb) have high electrical conductivity while graphite is a good electrical conductor [6] . Mixtures of all powder gives different response towards microwave, as interface between each powder result in local heating. Thus, enhance densification of nanocomposite and promote in situ process inside copper matrix.
The results of electrical conductivity and microhardness of sintered pellet are presented in Fig. 2 . The electrical conductivity were slightly increased when NbC was added into nanocomposite, from 46.47 %IACS (Cu-10vol%VC) to 47.46%IACS (Cu-9vol%VC-1vol%NbC). It is worth note that the amount of reinforced particle NbC and VC were below 10vol%, with the remainder of 90vol% of Cu, electrical conductivity of nanocomposite should obtained higher value. But because of heavy milling for 30 hours at 400 rpm, the particle size reduced to a much finer size particle. This will lead to increasing grain boundary volume and interface area, and acts as center of electron scattering [10, 11] .
Result of microhardness show that single phase carbide nanocomposite (140.9 -146.7 HV) have higher hardness than multicarbide nanocomposite (100.9 -120.8 HV), even though density of nanocomposite were almost the same for all composition. For single phase carbide, VC has higher microhardness then NbC. Formation of multicarbide inside copper matrix may not formed homogenously compare to single phase nanocomposite. Adding two elemental powder together inside copper may disturb formation for each carbide to form, making it not as strong as single phase carbide nanocomposite. 
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Conclusion
Formation of in situ NbC and VC were successfully formed inside copper matrix nanocomposite after milling and sintering. Formation of carbide only can be observed after sintering, because energy from high milling are not enough to overcome activation energy for reaction take place. Sintered density for all nanocomposite have almost the same value, with average of 6.972 g/cm 3 . Electrical conductivity increase when NbC was added into the composite as low as 1vol%. Microhardness were much higher in single phase carbide (Cu-10vol%VC and Cu-10vol%NbC) compare to multicarbide composite. Even though sintered density is about the same for all composition, nanocomposite exhibit different physical and electrical properties due to different amount of reinforcement particle added into matrix.
